Globally, rapid urbanization, along with economic development, is dramatically 26 changing the balance of biogeochemical cycles, and impacting upon ecosystem 27 services and impinging on United Nation global sustainability goals (inter alia: 28 sustainable cities and communities; responsible consumption and production; good 29 health and well-being; clean water and sanitation, and; to protect and conserve life on 30 land and below water). A key feature of the urban ecosystems is that nutrient stocks, 31 carbon (C), nitrogen (N) and phosphorus (P), are being enriched, through human bio-32 concentration. Furthermore, urban econvironmental systems are highly engineered,; 33 biogeochemical cycling of nutrients within urban ecosystems is spatially 34 segregatedthese nutrients are not being returned to support primary production in 35 rural/peri-urban environments. In contrast to natural and rural agricultural landscapes, 36 urban environmental systems are also highly engineered and, and; nutrients exported 37 (e.g. in food) from rural/peri-urban areas are not being returned to support primary 38 production in these environments. biogeochemical cycling of nutrients within them is 39 spatially segregated. To accommodate these distinctionsredress these imbalances we 40 propose the concept of the Peri-URban ecosystem (PURE). Through the merging of 41 conceptual approaches that relate to Critical Zone science and the dynamics of 42 successional climax PURE serves at the symbiotic interface between rural/natural and 43 urban ecosystems and allow re-coupling of resource flows. Thus, PURE provides a 44 framework for tackling one of the most pressing of societal challenges posed by
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Rapid urbanization, in many parts of the world, is driven is driven by the desire for 71 economic improvement coupled with the diminished employment opportunities in rural 72 regionsby the pull, of the desire for economic improvement, and the push, of lower 73 employment opportunities in rural regions. As a consequence of unprecedented 74 urbanization, globally more than 50% of the world population now live in cities (Grimm 75 et al., 2008) . The trade-off of urbanization is that less people now produce our food 76 with an associated intensification of production, and agricultural land around 77 metropolitan boundaries is being sealed over for buildings and transport infrastructure. 78 Now, more than ever, the understanding and management of urban ecosystems have 79 become an essential component of sustainable development. 80 A key feature of urban ecosystems is that nutrient stocks, carbon (C), nitrogen (N) 81 and phosphorus (P), are being enriched, through human bio-concentration,imported 82 into urban ecosystem (through both natural and anthropogenic pathways). Significantly, 83 with these nutrients are not being returned to support primary production in rural/peri-84 urban environments from where they originated. Furthermore, urban environmental 85 systems are highly engineered and biogeochemical cycling of nutrients within them is 86 spatially segregated. For example, the food production required to sustain a city's 87 population typically takes place in rural environments, but nutrient-rich wastes 88 (resulting from food consumption) are emitted and processed in urban settings. Thus, 89 reuse of urban nutrient wastes in rural and peri-urban environments is precluded from 90 sustaining further production because: these wastes, and their associated nutrients, are often lost due to their discharge to water courses or incorporation in landfills;
If we are to realize global sustainability goals (inter alia: sustainable cities and 114 communities; responsible consumption and production; good health and well-being; 115 clean water and sanitation, and to protect and conserve life on land below water and 116 below wateron land) (UN, 2012) then the inherent conflicts between urbanization, food 117 security and environmental sustainability have to be resolved in the longer term. One 118 of the focal points related to rapid urbanization will be a sustainable food system for 119 city dwellers. We propose that the concept of the holistic and self-sustaining Peri-120 URban Ecosystems (PURE) is the key to ensuring food production under rapid 121 urbanization. PURE is the symbiotic interface between urban and rural ecosystems, 122 which should be designed and developed to produce food by assimilating domestic 123 waste streams rich in N, P and energy, as well as more efficiently using a plentiful 124 supply of treated domestic waste water that might be otherwise be transferred to water and microbes carrying antimicrobial resistance (AMR) (Su et al., 2015) .
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How to re-engineer waste streams to separate out industrial and domestic 185 pollutants in order to produce safe water and organic fertilizers for agricultural use is a 186 major challenge for present and future cities. to environmental services located much further afield to the original source of the 207 discharge. As increasing amounts of waste are exported away from the urban zone these 208 problems will be exacerbated. The Mississippi River delta represents a case in point.
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Here the export of nutrient wastes into water courses has led to off-shore eutrophication 210 and "dead-zones" that have decimated fisheries (Rabalais et al., 2002) . Beijing, 5374 t and 849 t of P in total were, respectively, consumed by urban and rural Conflating these elements, a PURE-zonation would emerge based on the historic 294 contamination status of the soils and the 'grade' of waste that could be applied within a 295 particular zone. Herein, however, lies a conundrum, as the most contaminated land will 296 usually be near urban zones, and if chemically or microbial tainted waste streams that 297 are tainted with chemicals or microbes are to be applied to contaminated land this will 298 exacerbate damage to the Critical Zone services at locations that are closest to the 299 highest population. A further consideration is that working relatively contaminated land 300 for non-food biomass production(e.g. cultivation that disturbs the soil) will produce 301 dust, and dispersion of this dust could lead to unacceptable risks to health. In this 302 scenario, a tipping point, beyond which irrevocable damage to PURE or human health, 303 could be reached.
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Conflating issues that relate to repurposing sewage sludge, improving soils for 
